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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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SOME COMMENTS ON THE MTCHANISM OF FISSION

Glenn T. Seaborg
Radiation Laboratory and Department of Chemlstry
University of California, Berkeley, California

ABSTRACT

-

A correlation of spontaneous fission rates with-Z and A is made to

show that these rates depend on the nuclear type. Some suggestions as

to the mechanisms are given and it is also shown how these relate to the

mechanism of slow neutron and photo fission.-
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A number éf'spontaneous fission rates are now known and a study of -
the. relation of these to Z and A should make it poséible to céme to a
beﬁter undefstanding of this procésé which in turn should lead to a
xbettér understanding of the slow neutron‘fissioﬁ'mechanism as well. A
number of spoﬁtaneous fission rates are summarized in Table 1.

Our attempts to correlate these rates with ﬁhe eiisting theoretical
expectationsl’2 have not been successful‘and therefore it seems worth-
while to attempt to study the data from the point of view of finding
iheir empirical relationship. | :

Figure 1 shows a plot of the logarithm of the_"half—life" for spon—
taneous fission versus the fissionability éarameter,~22/A, and leads to
some very interesting coﬁclusioné.- The points‘for the even-even nuclides,
with some exceptions, seem to indicate that the rate for this nuclear
type depends exponentially in a simple way on the parameter ZQ/A. It is
_ tempting to assume tha? the rate of spontaneoué fission is controlied by
a Bolthann type factor in which the required activation energy for fission
depends on Z2/A; the form of the plot would suggest that this might be a
linear deﬁendence with a negative cogfficient for Zz/A. Howevef, another
type such as an inverse dependence cf fissioh activation'energy‘on 22/A
also fits'nearl&.as well over £he range of.data plotted. In any case it

~is interesting to note that éxtrapdlation of the line in Figure 1 to the

=ly=
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Summary of Spontanéous Fission Rates

-5-

Table ‘1
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_Nuglidé Fissions/gram/hour Half-life (years) References
Th230 < 1. > 1.5 x 107 3
Th232 0.15 1.4 x 1018 3

1.2 1.7 x 1017 "
pa23l < 20 > 106 3

p232 < 25000 > 8 x 1012 3
1233 < 0.7 > 3 x 1017 3
y234 < 30 > 7'x 102 3

U35 1.2 1.9 x 10t7 3

y236 10 + 8 ~ 2 x 10t 5
u238. 2.8 + 0.9 8.0 x 10-° 653
237 <5 > 4 x 1016 3
239 < 40000 > 5 x 1012 3 |

Pu®® 5.1 x 162 | 5.4 x 10%8 3

k.l x 10 4.9 x 10 7

- pu?39 36 5.5 x 1002 3
puR40 1.66 x 108 1.2 x 1000 8
Am?HL < 14000 > 1.4 x1083 3

om242 3 x 1010 6.5 x 10° 9

2.7 x 1010 7.2 x 108 10

omPh 0.7 x 1040 3 x 107
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SPONTANEOQOUS FISSION HALF-LIFE IN YEARS
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"Fig. 1
PLOT OF SPONTANFOUS FISSION RATES.
-~ (& signifies lower limit to half-life)
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.region of insfantaneous rate of Spontaneous{f;ssion (that ié, half:life of .
order of 10-20 seconds) gives a value.of abdﬁt.h7 for‘Zz/A, which corfér‘
7sponds with the prédicted limiting vaiﬁel for 72/A.
The data seem also to indicate that on the average for a éiven vaiﬁé

of ZZ/A, the rate is greater for an even-even nuclide thén one with an

odd number of nuéleons; Since_ZZ/A is'a representgtion of ZQ/rB, where

r is the nuclear radius, the slower rates for the odd-ﬁeuﬁron nuclides

ha& bé related to their’expected largér'nuéléi; on this basis ﬁhevlargest |
départure of an odd—nucleon’ﬁuclidg_from the line in Figufe lvéorrespOnds
to the order of one pércent iargef radius than for thé "hypdthetical"
ébrresponding eVen—éven nuciide° Thus thewslower rateékmay résulﬁ from

the lower zero-point ehergy of the modes of vibration which lead to\fiésion'
" associated with the nuclei with the larger rédii. |

Similar conéiderations may be useful in intérpretihg some of the

results from the study of slow neutron fiséion probabilities. The slow.
,neutron fission probabiliﬁies of theveven;éven nuclides in the trans-
'uranium.region seem to be lowé? than expected on t.heksim,ple'theory.1 For
vexample, a nucleus like Cm?42 has a slow neutron fission cross section of -
.less than 5 barnsi? in spite of the fact that the cripiéal fission energy
of the intermediate Cm243 is of the order of 4 Mev, much less than the ~
estimated 6 Mev of neﬁtron“binding energy. It is possible that the time-
for fission is 1ehgthened for ‘such an odd-nucleon intermediate nucieus tq'
the point where thqh(n,Y)'reaction is able‘to compet% mor¢fsucceséfully
than is the“case for even-odd nuclides like U235, Pu239, etc., wﬁefe thé

intermediate fissioning nuclei are of the even-even type.

AN
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The effect of an odd nucleon in slowing the fission process may also

explain the photofission results of H. W. Koch; J. McElhinney, and E. L,
~Gasteigerl3 who found, for example; higher effective energetic thresholds

for U235, U233, and Pu?39 than for U238, contrary to expectations from

ekisting theofy.l’z
It will be interesting ﬁo see whether even-even nuclei with abnormally

émall nuclear radii due to closed sub-shells will have especially high

 rates of sponténeous fission. Thus a nucleus such 'as,lOOZI+8 which would-

have two closed sub-shells on the Mayer picture,lé-lOO protons and 148

neutrons, might be expected to exhibit such an abnormally high rate.

i

Similarly, the large slow neutron fission cross sectior of a nuclide like

Angzsmight be connected with the sub-shell of 148 néutrons in the inter-

* mediate Am?“3.

The above considerations may make it possible té predict with a fair
degree of confidence, especially for the even-even nuclides, the spontaneous

fission rates for undiscovered nuclides and hence make it possible to plan

experiments morebintelligently for their detection.

;It is a pleasure to acknowledge helpful discussions with K. Street; Jr.,

A. Ghiorso, J. O, Rasmussen, and I. Perlman.
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